Study Design. A retrospective study using 323 contrastenhanced, multi-planner three-dimensional computed (3D-CT) scans.
xtreme lateral lumbar interbody fusion (XLIF) is a minimally invasive procedure that enables us to perform interbody fusion through a retroperitoneal approach. 1 The advantages of this procedure are powerful reduction and intervertebral stability with minimal disruption of the spinal structures including ligaments and muscles. However, potential complications due to the specificity of the technique might arise. 2 They include neural, 3, 4 vascular, 5 and visceral injuries, 6 and approach-related psoas muscle damage. Particularly, injury to the major vessels such as the vena cava and aorta may lead to death. 5 In addition, as described in a past report, the corridor for the approach is difficult and the risk of neural and vascular injuries is increased if the radiographic finding that the psoas muscle rising away from the vertebral body on preoperative axial MRI studies, so-called as a ''rising psoas sign,'' is present. 7 To avoid complications, anatomical information for preoperative risk management specific to XLIF might be essential, 8 especially for the lower spinal levels. The purpose of this study was to identify the risk factors for injury to the major vessels in the lateral transpsoas approach.
MATERIALS AND METHODS
We retrospectively reviewed the contrast-enhanced, multiplanner, abdominal 3D-CT scans of consecutive 323 subjects (203 males and 120 females) whose ages ranged from 15 to 89 years (mean: 66.5). All CT scans were performed for the purpose of creating surgical plans for colon cancer patients in our hospital from April 2009 through March 2013. Subjects with a past medical history of abdominal or lumbar surgery were excluded.
We defined the most caudal mobile lumbar spine as L5 in this study. Using the true axial views that were correctly adjusted for evaluation with the Aquarius NET 1 Server (TeraRecon, Inc., San Mateo, CA), the locations of the major vein and major artery were examined at 2 intervertebral levels (L3-L4, L4-L5). In this study, we defined the section from the aorta to the common iliac artery as the major artery, and that from the common iliac vein to the vena cava as the major vein.
The axial view was divided into 6 zones according to the system by Moro et al, 9 and the dorsal tangential lines of the major vessels were evaluated (Figure 1 ). The area between the anterior edge of the vertebral body and the posterior edge of the vertebral body was divided into 4 zones. The most anterior zone was defined as zone I, the second anterior zone was zone II, the third anterior area was zone III, and the most posterior area was zone IV. The area posterior to the posterior edge of the vertebral body was defined as zone P, and the area anterior to the anterior edge of the vertebral body was defined as zone A. If the dorsal tangential line of the target was on the borderline, it was considered to be in the more dorsal zone. The Mann-Whitney U test in SPSS Statistics Version 22 was used to analyze the sex difference in the location of major vessels with an a value of 0.01.
An institutional review board exemption was obtained for the review of imaging studies, the indications for the studies, and the official CT reports.
RESULTS

Major Vein
At the L3 to L4 Level The dorsal tangential line of the major vein was located in zone A in 58 subjects (18%), in zone I in 239 (74%), and in zone II in 26 (8%) ( Table 1) . Female subjects had significant numbers of dorsal-migrated veins (P < 0.01).
At the L4 to L5 Level
The dorsal tangential line of the major vein was located in zone A in 15 subjects (5%), in zone I in 241 (75%), in zone II in 66 (20%), and in zone III in 1. At this level, female subjects had significant numbers of dorsal-migrated veins (P < 0.01).
Major Artery
At the L3 to L4 Level The dorsal tangential line of the major artery was identified in 300 subjects (93%) in zone A and in 23 (7%) in zone I (Table 2) . At this level, female subjects had significant numbers of dorsal-migrated arteries (P < 0.01).
At the L4 to L5 Level
The dorsal tangential line of the major artery was identified in 281 subjects (87%) in zone A, in 39 (12%) in zone I, and in 3 (1%) in zone II. At this level, female subjects had significant dorsal-migrated arteries (P < 0.01). the axial view was divided into 6 zones, and the dorsal tangential line of the major vessels was evaluated. Dotted lines in both figures show the tangential line of the major veins. It is located in zone I in (A), while it is in zone II in (B). To evaluate them correctly, the true adjusted axial images were used in this study, supposing the XLIF cage insertion.
DISCUSSION
XLIF has the ability to restore disc height and stability, which can bring about indirect decompression without disruption of the posterior elements. 1 In addition, preservation of both the anterior longitudinal ligament (ALL) and the posterior longitudinal ligament (PLL) is the other benefit, which allows for alignment correction through ligamentotaxis.
Although there are many benefits of XLIF, it is associated with risks of specific complications such as neural, vascular, and visceral injury, and intrapsoas hematoma. [2] [3] [4] [5] [6] Particularly, injury to the major vessels can be fatal. The first report of major vascular injury leading to fatality was published by Assina et al. 5 They drew the surgeons' attention to the real potential for injury to the great vessels if this procedure becomes more popular and there is wider usage. Also, they warned against the use of the tubular system that has a detachable, nonfixed retractor blade anteriorly.
In this study, at the L3 to L4 level, the dorsal tangential line of the major vein was located in zone A in 18%, in zone I in 74%, and in zone II in 8%. From the viewpoint of risk management, these results indicate that the cage placement for XLIF can be achieved safely in 18% only; it should be performed with caution in 74%; and it should not be recommended in 8% to avoid major vein injury. Similarly, to avoid major artery injury, it can be achieved safely in 92.6% and should be performed with caution in 7.1%. At the L4 to L5 level, to avoid major vein injury, it can be achieved safely in only 4.6% and should be performed with caution in 74.6%, and it should not be recommended in 20.7%. Regarding risk management to avoid major artery injury, it can be achieved safely in 87.0% and should be performed with caution in 12.1%, and it should not be recommended in 0.9%.
Hu et al 10 reported results of similar study using magnetic resonance imaging (MRI) in 48 patients. There are differences between their results and ours. It may be due to the method of analyzing the location of the vessels. Because we analyzed the dorsal tangential line, our evaluation may be more stringent. Also, we used the contrast-enhanced CT scans and made corrective adjustments for the evaluation, while Hu et al 10 used MRI for evaluation in which vessels might have been obscured. These differences might affect the results.
In this study, female subjects had significant number of dorsal-migrated veins and arteries at both the L3 to L4 and L4 to L5 levels. Several factors might be related to these results, but they suggest that care should be taken for female patients. As shown in the representative case, contrastenhanced CT may be recommended as a routine preoperative examination for XLIF. We show a representative case (Figure 2) . A 60-year-old woman who had discogenic pain was planned to undergo the XLIF for L4 to L5. Using contrast-enhanced CT images, we made an imaginary corridor of 18 mm in width for the XLIF cage insertion. It is suggested that there was a risk of damage to the vena cava even if the left-side approach was taken, and the right-side approach was obviously dangerous. In addition, the L4 segmental artery was detected incidentally around the insertion point of the shim for placement of the XLIF retractor. Thus, we canceled the XLIF for this patient.
There are several limitations of this study. CT scans were not obtained from candidate patients for XLIF, which may 
203 (100) 120 (100) 323 (100) 203 (100) 120 (100) 323 (100) affect the results. Another limitation of this study is that it just looked at the anatomy of the great vessels. Injury to segmental vessels and/or the iliolumbar artery/vein may be a more common source of vessel injury than the major vessels.
All scans were performed with the patient in a supine position. XLIF is usually performed in the lateral decubitus position. If patients are placed in the lateral decubitus position, the major vessels may move more anteriorly. Although our results may be considered stringent, the most important thing is to avoid critical complications. We believe that our results contribute to avoidance of major vessel injury in XLIF.
To avoid critical complications in XLIF, we recommend the following key measures: taping the patient securely to the table, adjustment to obtain the true anteroposterior and lateral views, neuro-monitoring, and direct visualization. On the basis of the results of this study, we emphasize the importance of careful preoperative radiological evaluation of the major vessels.
Key Points
For insertion of the XLIF cage, careful evaluation of the location of the major vessels on preoperative imaging should be performed to avoid critical vascular injury. At the L3 to L4 level, the dorsal tangential line of the major vein was located in zone A in 18% of subjects, in zone I in 74%, and in zone II in 8%. The line of the major artery was located in zone A in 92.6% of subjects and in zone I in 7.1%. At the L4 to L5 level, the dorsal tangential line of the major vein was located in zone A in 5%, in zone I in 75%, in zone II in 20%, and in zone III in only 1 subject, and that of the major artery was identified in zone A in 87% of subjects, in zone I in 12%, and in zone II in 1%. At both spinal levels, female subjects had significant dorsal-migrated veins and arteries. (A) Using the CT images, an imaginary corridor of 18 mm in width for the XLIF cage insertion was made. The major vein is located in zone II according to the system by Moro et al. 9 It suggests a risk of damage to the vena cava even if the left-side approach is taken, and the rightside approach is obviously dangerous. (B) In addition, in this case, the L4 segmental artery running downwards near the insertion point of the shim for placement of the XLIF retractor was detected incidentally.
